Several C-5 substituted (2-thio)uridines are native components of tRNAs isolated from prokaryotic and eukaryotic cells, including mitochondrial tRNAs (mt-tRNAs). are characteristic of human mt-tRNA (hmt-tRNA) sequences specific for Leu(UUR) and Lys, respectively. 1, 3 Nucleosides 1-4 play a crucial role in the translation processes that restrict mt-tRNA decoding capacity to A and G as the third codon letter. 2, 4, 5 The presence of C-5 glycine and taurine residues in the structure of nucleosides 1-4 seems to be important for decoding G, [4] [5] [6] while the lack of both 5-substituents and the 2-thio group totally stalls the translation machinery. [4] [5] [6] [7] It is noteworthy that the point mutations 3243(A → G) in the hmt-tRNA Leu mitochondrial cybrid cells. 9 It was also demonstrated that hmt-tRNA Lys,Leu precursors, equipped with suitable carriers, are effectively imported to the organelle and processed to mature tRNAs, in this way rescuing mitochondrial protein biosynthesis. 10 Synthetic modified tRNA fragment(s) have become useful tools for probing the structural and mechanistic aspects of biopolymer activities, particularly in model studies on the structural restraints of "wobble" pairing.
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Modified oligomers are also used as substrates for enzymatic ligation of RNA fragments to generate longer RNA constructs. 12 The )U 8a/8b we employed an effective procedure of reductive amination including 5-formyl(-2-thio)uridine 6a/6b and 2-(trimethylsilyl)ethyl glycine ester, in the presence of sodium triacetoxyborohydride (NaBH(OAc) 3 ). 20 For this purpose, 5-hydroxymethyl-2′,3′-O-isopropylidene(-2-thio)uridine 5a/5b was selectively oxidized with activated MnO 2 in acetone-DCM solution, giving 5-formyl(-2-thio)uridine 6a/6b, which was used in a reaction with glycine ester in DCM-DMF solution. The imine 7a/7b, without isolation, was reduced with NaBH(OAc) 3 . The crude secondary amine 8a/8b was protected with a trifluoroacetyl group. 21 2′,3′-Acetonide 9a/9b was removed under mild acidic conditions to give the N-protected nucleoside 10a/ 10b. The synthesis of 5′-O-DMT-2′-O-TBS-phosphoramidite 13a/ 13b followed typical procedures. 16 For more details of the procedures for preparation of 11-13 and their characterization, see the ESI. † Cmnm 5 (s 2 )U-modified anticodon arm domains (Fig. 1c) were synthesized manually on a 5 µmol scale using commercial tac-protected phosphoramidites of the canonical units and a slightly modified version of Sproat's protocol (ESI †). 22 For improving the overall yield of the oligomers, the couplings were conducted in 8 molar excess of A, U, C, and G amidites for 8 min, while the modified units were used in 12 molar excess and coupled twice, each time using 6 molar excess of an amidite and 12 min coupling time. Coupling yields were in the range of 90-95%. It is generally known that the 2-thiocarbonyl group of 2-thiouridine derivatives reacts with various oxidizing reagents used in the oligoribonucleotide synthesis giving products of 2-thio → 2-oxo transformation and/or oxidative desulfurization (s 2 → H 2 ). 17, 23, 24 The scope and nature of the above-mentioned side-processes strongly depend on C-5 substituents and the oxidant nature. 17, 24 Consequently, an effective and universal protocol for the P III → P V oxidation cycle has not been published so far. We tested several oxidizing reagents for the synthesis of the cmnm 5 s 2 U-modified RNA oligomer using 2-thiouridine 12b
and a previously published methodology. 17, 18 We have found In the first deprotection step the DMT group was removed from the 5′-terminal residue and CPG-bound RNAs were treated with TEA-ACN (1 : 1 v/v), and then with 8 M ethanolic ammonia. The two-step deprotection procedure made it possible to avoid the reaction of heterobase residues with the acrylonitrile generated during the deprotection of phosphate residues. 25 To remove the TBS and TMSE protecting groups, the tetraalkylammonium salts were used. The 1 M solution of Bu 4 NF gave the best result in desilylation of cmnm 5 U-modified RNA, while 1 M Et 4 NF turned out to be the most effective desilylating reagent for cmnm 5 s 2 U-modified RNA. The use of TEA × 3HF gave only partial deprotection of the TMSE group in accordance with previous observations. 19 The fully deprotected oligomers were quenched with phosphate buffer, desalted, and then purified by preparative IE-HPLC (Fig. 2a, ESI †) . The desalted RNAs were lyophilized to yield 8. 
